Worldwide, it is estimated that there are more than 100 000 infants born with congenital rubella syndrome (CRS) 
BURDEN OF CONGENITAL RUBELLA SYNDROME IN DEVELOPING COUNTRIES
A WHO review carried out in 1996 revealed that 50 developing countries had already conducted substantial studies to assess their CRS disease burden, and more studies have been reported since then (3) . As shown in Table 1 , special surveillance investigations in developing countries in Africa, the Americas, Asia, Eastern Europe, and the Eastern Mediterranean have documented incidence rates of CRS ranging from 0.4 to 4.3 per 1 000 live births (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . These incidence rates are comparable to and in some cases higher than those seen in industrialized countries in the prevaccine era (18) . Rubella immunoglobulin G (IgG) serosurveys among women of childbearing age indicate the potential risk for rubella infection in pregnant women. Serosurveys from 45 developing countries have shown a wide range of susceptibility: the proportion of rubella seronegative women was 25% or higher in 12 countries, 10%-24% in 20 countries, and below 10% in 13 countries (3) . These studies document that many women of childbearing age living in developing countries remain at risk for having a child with CRS.
Worldwide, it is estimated that more than 100 000 infants are born with CRS each year. Cutts and Vynnycky estimate that in 1996 there were 110 000 infants (95% confidence interval, 14 428 to 308 438) affected by CRS in developing countries (excluding the WHO European Region) that had not introduced rubella vaccine (19) . A separate estimate for the WHO European Region suggests some 4 000 CRS cases occur annually in countries of that Region that have not introduced rubella vaccine (20) . A recent global review of CRS sequelae analyzed data from prospective studies with laboratoryconfirmed cases (21) . Among infants with CRS, 60% had hearing impairment, 45% congenital heart disease, 27% microcephaly, 25% cataract(s), 23% low birth weight (< 2 500 grams), 17% purpura, 19% hepatosplenomegaly, 13% mental retardation, and 10% meningoencephalitis.
CONGENITAL RUBELLA SYNDROME SURVEILLANCE
In 1998 the WHO Department of Vaccines and Biologicals, in collaboration with WHO regional offices and with specialists from the WHO Programme for the Prevention of Blindness and Deafness, developed standard case definitions for CRS surveillance, including for: (1) a suspected CRS case, (2) a clinically confirmed CRS case, and (3) a laboratoryconfirmed CRS case. These case definitions have been promoted in publications on rubella (22) and in general surveillance standards for communicable diseases (23, 24) .
A suspected CRS case is any infant less than one year of age in whom a health worker suspects CRS. A health worker should suspect CRS when an infant aged 0-11 months presents with heart disease and/or suspicion of deafness and/or one or more of the following eye signs: white pupil (cataract), diminished vision, pendular movement of the eyes (nystagmus), squint, smaller eye ball (microphthalmos), or larger eye ball (congenital glaucoma). A health worker should also suspect CRS when an infant's mother has a history of suspected or confirmed rubella during pregnancy, even when the infant shows no signs of CRS.
A clinically confirmed CRS case is an infant in whom a qualified physician either detects two or more of the complications from list "a" below or detects one from list "a" and one from list "b." List "a" is: cataract(s), congenital glaucoma, congenital heart disease, loss of hearing, or pigmentary retinopathy. List "b" is: purpura, splenomegaly, microcephaly, mental retardation, meningoencephalitis, radiolucent bone disease, or jaundice that begins within 24 hours after birth. A laboratory-confirmed CRS case is an infant with clinically confirmed CRS who has a positive blood test for rubella-specific immunoglobulin M (IgM). A single serum specimen (1 mL) should be obtained as early as possible within the first year of life, ideally before 6 months of age. In some countries, more sophisticated methods for laboratory diagnosis may be available, and the local reference laboratory should be consulted in advance on specimen collection and transport procedures.
It should be noted that some countries have adopted more sensitive CRS case definitions as they have moved toward eliminating CRS altogether (25) . For example, in the Region of the Americas the definition for clinically confirmed CRS includes infants with even a single finding compatible with CRS such as congenital cataract, hepatosplenomegaly, patent ductus arteriosus, purpura, or hearing impairment.
WHO recommends that all countries using rubella vaccine in their national immunization program conduct CRS surveillance, with investigation and laboratory testing of each suspected case in areas where this is feasible and where appropriate laboratory support is available (22) . Such surveillance may also be appropriate for countries seeking to assess whether to add rubella vaccine to their national immunization programs. Surveillance is restricted to children 0-11 months of age because it is difficult to confirm rubella as the specific cause of congenital defects in older children. Infants with CRS are likely to be seen at specialty facilities that do not normally participate in the routine communicable disease surveillance system, for example, eye hospitals and hospitals specializing in cardiac surgery. For comprehensive CRS surveillance these facilities should be included in CRS detection, investigation, and reporting activities. In the Americas, CRS surveillance includes the Perinatal Information System of the Latin American Center for Perinatology and Human Development and the Latin America Collaborative Study on Congenital Malformations (25 and Romania, 20 cases in 2000 (0.08 cases per 1 000 live births). However, national incidence rates of CRS per 1 000 live births can mask high incidence rates in specific geographic areas. For example, epidemiological investigations in the city of Rio Branco in northeastern Brazil found an incidence of 0.6 CRS cases per 1 000 live births, a figure 60 times the national average (4).
OPERATIONAL RESEARCH TO STRENGTHEN CONGENITAL RUBELLA SYNDROME SURVEILLANCE
WHO has sponsored several operational research studies aimed at identifying methods to improve CRS surveillance. In 1992 the Ministry of Health of Oman moved from passive to active surveillance to identify CRS cases resulting from a large-scale rubella outbreak, and this system detected 0.7 CRS cases per 1 000 live births in 1993 (11) . In Peru, retrospective reviews were conducted among students attending schools for the deaf and blind to identify children with probable or confirmed CRS (26) . The WHO Collaborating Centre for Prevention of Blindness at Aravind Eye Hospital in Madurai, India has developed community-based screening for eye signs in young children as a means of identifying suspected cases of CRS (27) . Three large-scale prospective CRS surveillance demonstration projects are under way, in India, Myanmar, and Peru, and it is anticipated that these will provide important guidance for other countries.
RUBELLA SURVEILLANCE
Progress in implementing rubella surveillance on a global basis has been closely linked with progress toward implementing case-based measles surveillance and development of a global measles/rubella laboratory network. Coordinated by WHO, this network includes a hierarchy of subnational, national, regional, and global specialized laboratories that use standard methods for confirmation of measles and rubella. The network provides training for staff of network laboratories; supports regular subregional, regional, and global meetings; and conducts regular proficiency testing of participating laboratories.
Standard rubella case definitions have been adopted by WHO, including for: (1) a suspected rubella case, (2) a clinically confirmed rubella case, and (3) an epidemiologically confirmed rubella case (22) (23) (24) .
A suspected rubella case is any patient of any age in whom a health worker suspects rubella. A health worker should suspect rubella when a patient presents with fever, maculopapular rash, and one or more of the following: cervical adenopathy, suboccipital adenopathy, postauricular adeopathy, or arthralgia/arthritis.
A laboratory-confirmed rubella case is a suspected case with a positive blood test for rubella-specific IgM. The blood specimen should be obtained within 28 days after the onset of rash.
An epidemiologically confirmed rubella case is a patient who meets the suspected case definition and is epidemiologically linked to a laboratoryconfirmed case.
In 2000, WHO and UNICEF began to request reports on the annual number of cases of rubella from all reporting countries/territories. Reporting has increased gradually, with 98 of 214 countries/territories (46%) providing annual rubella case reports in 1999, 109 (51%) in 2000, and 123 (57%) in 2001. There were 874 713 rubella cases reported in 1999, 671 393 cases in 2000, and 836 356 in 2001. In each of these years, the Russian Federation accounted for 67%-68% of all reported rubella cases worldwide. Countries with more than 20 000 rubella cases reported in any one year included Belarus, Bulgaria, Kazakhstan, Poland, and Ukraine. Countries with 10 000 to 20 000 cases in any one year included Argentina, Brazil, Mexico, and Venezuela. The fact that the greatest numbers of cases are reported from Europe and the Americas likely reflects better rubella surveillance in these regions.
GLOBAL MEASLES/RUBELLA LABORATORY NETWORK
Following approval by the World Health Assembly in 1988 of Resolution WHA41.28, which dealt with eradicating poliomyelitis, a global polio laboratory network was established by WHO to support international surveillance for polioviruses through laboratory investigation of stool samples from persons with acute flaccid paralysis. That global polio laboratory network now covers all six WHO regions and is comprised of 145 laboratories responsible for a wide range of activities, including poliovirus isolation, intratypic differentiation to distinguish wild and vaccine poliovirus, and genomic sequencing (28) . It was envisioned that this network could provide a base for the development of a global measles/ rubella laboratory network (29) (30) . The resulting measles/rubella laboratory network has built upon the capital investment, infrastructure development, and experience of the polio network by using many of the same laboratories, or at least the same institutions, for measles and rubella testing. A laboratory network with the capacity to confirm both rubella and measles cases is important since both diseases may be detected through fever and rash surveillance, and often the two diseases are clinically indistinguishable. The procedure for case confirmation is the same for measles and rubella, using a disease-specific IgM enzyme-linked immunosorbent assay (ELISA) that is sensitive enough to confirm cases from serum samples collected early in the course of the disease.
There are five main objectives in establishing a global network of laboratories to support various aspects of measles and rubella control. The first objective is to develop standardized methods and quality control for the laboratory confirmation of rubella and measles and to provide the necessary support to conduct these routine procedures. This will ensure that results from any network laboratory should be of known sensitivity and specificity and will be directly comparable with results from any other laboratory in the network. The second objective is to establish reference centers that can resolve problems encountered in the laboratory diagnosis of rubella and measles. The third objective is to provide training for staff of regional and national laboratories. The fourth objective is to provide a source of reference reagents and expertise for the development and quality control of improved diagnostic tests. The fifth objective is to provide a repository for rubella and measles virus isolates for molecular epidemiology investigation. Individual laboratories will not be expected to undertake the full range of tasks listed above but will perform specific duties according to national and regional needs.
The global measles/rubella laboratory network is being organized on four levels: (1) global specialized laboratories, (2) regional reference laboratories, (3) national laboratories, and (4) subnational laboratories. Global specialized laboratories will set the technical standards for laboratory diagnosis; their responsibilities extend to measles and rubella laboratories in all regions and all countries. Regional reference laboratories are "centers of excellence" that will serve as reference laboratories for national laboratories in neighboring countries and as national laboratories in their own countries; each region may have up to three or four regional reference laboratories. National laboratories will test specimens from suspected cases by IgM ELISA and report directly to the national staff responsible for rubella and measles surveillance and control. The number of national laboratories and the order of their establishment will depend on the epidemiological priorities and the resources available. Subnational laboratories may be established in some countries with large populations or where geographical barriers present transportation difficulties in sending samples to a single national laboratory.
Two global specialized laboratories for measles and rubella have been identified. One is at the United States Centers for Disease Control and Prevention, in Atlanta, Georgia, and the other is at the Health Protection Agency, in London, United Kingdom. These high-level laboratories will be involved in genetic sequencing studies, the maintenance of virus strain banks, and other special research projects.
It is essential that the laboratory network be planned in tandem with regional control and elimination programs and that the network be established with properly trained personnel, suitable equipment, and appropriate reagents. All six of the WHO regions have identified or are in the process of establishing regional reference laboratories for measles and rubella. As of mid-2003, 155 countries had established national measles/rubella laboratories and 222 staff from 98 countries had attended WHO one-week laboratory training courses or received a "one-onone" training visit to their laboratory. In addition, 331 subnational laboratories had been established in China.
A strong quality assurance program is vital for ensuring a robust laboratory network. Regular proficiency testing is already under way, and it will serve as one part of comprehensive laboratory accreditation. Comparative studies of the sensitivity and specificity of various rubella IgM ELISA kits have been carried out (31) , and an assessment of commercially available rubella avidity assays is proposed for late 2003 (S. Ratnam, personal communication, 2003).
A global review of data on genetic sequencing of rubella virus by a consortium of four laboratories demonstrated that there are two primary genotypes of rubella virus (32) . Genotype I contained viruses from Europe, Japan, and North America, while genotype II contained rubella viruses from China and India. Further molecular epidemiology data are needed to expand the global understanding of patterns of rubella virus circulation, which remain unknown for many countries and some regions. In the past few years there has been renewed interest in sequencing rubella strains, as appropriate specimens are increasingly being collected from patients with rubella and CRS. For example, recent data from Brazil show that two strains of rubella virus were cocirculating during 1996, 1997, and 1999; both strains are classified as genotype I (33). In Myanmar, rubella virus strains circulating in 2001 were found to belong to genotype I, distinct from the genotype II strains identified in neighboring China. 2 Rubella is a difficult virus to isolate in culture, and at least one laboratory is working on developing a cell line that is highly sensitive to rubella virus and demonstrates an easily distinguished cytopathic effect (J. Icenogel, personal communication, 2003).
RECOMMENDATIONS ON RUBELLA VACCINE INTRODUCTION
In 2000 an international conference on preventing CRS was organized by WHO, with partial support from the March of Dimes Birth Defects Foundation and the United States Centers for Disease Control and Prevention (29, 34) . This was the first global meeting on rubella since 1984, and it provided an in-depth examination of the disease burden due to CRS, immunization strategies, monitoring vaccine coverage, conducting surveillance, and operational research needs. Following the meeting, the WHO Department of Vaccines and Biologicals published a position paper on rubella vaccines, which provides extensive guidance on programmatic aspects of introducing rubella vaccine (35) . A global review of economic studies (cost-benefit or costeffectiveness analyses) on rubella and rubella vaccines identified 22 studies, with 10 of them conducted in developing countries (36) . All the cost-benefit analyses had a benefit-cost ratio greater than 1 (range of 1.1 to 38.8), and all the cost-effectiveness studies indicated that rubella immunization was a costeffective means of reducing the impact of CRS. Data from the English-speaking Caribbean countries and Suriname indicated a benefit-cost ratio of 13.3 for a campaign to eliminate CRS by providing rubella vaccine to all males and females 1-30 years of age. This estimate did not include the costs of routine delivery of measles-mumpsrubella (MMR) vaccine to one-yearolds, which had already been implemented. It was estimated that the cost of rubella elimination in these countries during 1997-2017 would be US$ 4.5 million, compared with more than US$ 60 million for treatment of CRS cases in the absence of an elimination initiative. Spurred in part by these data, the Council for Human and Social Development of the Caribbean Community (CARICOM) approved a resolution in April 1998 stating that every effort would be made to eradicate rubella as well as to prevent the occurrence of new cases of CRS in the Community by the end of 2000 (37) .
Within WHO, rubella vaccination is under the responsibility of the WHO Department of Vaccines and Biologicals. However, public health aspects of rubella and congenital rubella syndrome have been given attention at meetings and in training materials produced by several other WHO programs, including the Programme for the Prevention of Blindness and Deafness (38) , the Department of Child and Adolescent Health and Development (39) , and the Department of Reproductive Health and Research (40) . Also, several WHO regions have given special emphasis to rubella vaccine introduction.
The WHO Region of the Americas was certified as having interrupted transmission of indigenous wild poliovirus in 1994 (41) . Following on this achievement, the Pan American Sanitary Conference in 1994 established the goal of eliminating measles from the Region of the Americas by the year 2000 (42) . (The Pan American Sanitary Conference is the supreme governing authority of the Pan American Health Organization (PAHO); PAHO serves as the Regional Office for the Americas of the World Health Organization.) To measure progress towards achieving the measles elimination goal, a Re-gional fever and rash surveillance system was established in the Americas. Serum from a suspected measles case was tested initially for measles IgM antibodies, and, if negative, the sample was tested for rubella IgM antibodies. After the acceleration of measles elimination activities during the mid-1990s, the fever and rash surveillance system clearly demonstrated that measles virus circulation had either been interrupted or reduced to extremely low levels throughout the Region (43). However, many cases of fever and rash illness continued to be reported, and a significant proportion of these cases were caused by rubella. For example, in Brazil between 1993 and 1996 nearly 50% of patients in whom measles was ruled out were diagnosed as having rubella (44) . The documentation of rubella virus circulation stimulated pilot projects in several countries to determine the public health burden of rubella and CRS in the Region (45) . Once the burden of disease had been confirmed, efforts were made to implement appropriate immunization strategies for rubella and CRS prevention throughout the Region, and these activities were strengthened in 1998 (25, 46) . In 1997 the Americas reported more than 126 000 rubella cases. In 2002 this number had been reduced by 90%, to fewer than 12 000 cases. In September 2003 at the annual meeting of PAHO's Directing Council, ministers of health from all the countries of the Americas set a goal of eradicating rubella and CRS from the Region of the Americas by 2010 (47) .
In the WHO European Region, targets for eliminating indigenous measles and rubella were established in 1984. In 1999 a health policy framework for the European Region set a target for reducing the incidence of CRS to less than 1 per 100 000 live births by 2010. To give impetus to achieving this target, a Regional plan has been developed for elimination of measles and prevention of congenital rubella infection (20) . This has encouraged the commitment of governments and is leading to mobilization of needed resources (48) . By 2002 more than 80% of countries in the European Region used MMR vaccine, and it is anticipated that all will do so by 2007. Innovative methods for surveillance of measles, rubella, and CRS are being developed. For example, in some countries abortion registers may be a useful means of identifying women who were infected with rubella in early pregnancy.
In the WHO Eastern Mediterranean Region a resolution was adopted in 1997 that called for the elimination of measles in the Region by 2010 (49) . In the 23 Member States in the Region, measles elimination has become a priority for 18 polio-free countries. The remaining 5 countries (Afghanistan, Djibouti, Pakistan, Somalia, and Sudan) have focused efforts on acute flaccid paralysis surveillance for polio and on measles control efforts specifically aimed at reducing measles mortality. Since 1995 the Arab Gulf countries (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and United Arab Emirates) have also given special attention to control of rubella (50) .
Other WHO regions-Africa, SouthEast Asia, and the Western Pacificare undertaking special efforts to decrease measles mortality. A number of nations have organized mass campaigns using measles-rubella (MR) or MMR vaccine, and other countries are planning such activities. The capabilities of the measles/rubella laboratory network are being developed in these regions, and it is likely that rubella control will receive more attention in coming years.
COUNTRIES USING RUBELLA VACCINE
There has been a dramatic increase in the use of rubella vaccine over the past 6 years. In 1996 a survey conducted by WHO found that 78 of 214 reporting countries/territories (36%) were using rubella vaccine in their routine immunization services (50) . By the end of 2002 this had increased to 124 (58%) of reporting counties/ territories, and this information was being collected routinely by WHO and UNICEF on an annual basis (Figure 1) . By WHO region, the most striking increases occurred in the Region of the Americas (47% to 94% of all countries/territories), the European Region (64% to 84%), and the Western Pacific Region (31% to 59%) (Figure 2 ). Rubella vaccine use varies by the economic status of the country. Among the 27 industrialized countries, rubella vaccine use is 100%; for the 28 countries with economies in transition, rubella vaccine use has risen from 36% in 1996 to 71% in 2002; and for 159 developing countries/territories, rubella vaccine use has risen from 28% in 1996 to 48% in 2002. Among the 124 countries/territories that use rubella vaccine routinely, 89 of them (72%) include two doses. The first rubella vaccine dose is usually scheduled at age 12-15 months, and the second dose is scheduled either prior to school entry or in the early teen years. (25) , and it is likely that several countries from other WHO regions will also do so.
DISCUSSION
WHO recommends that the priority in preventing CRS is to protect women of childbearing age from rubella. If rubella immunization of children is implemented, rubella vaccination of adult women should be introduced at the same time or earlier. Rubella vaccine should be added to the childhood immunization schedule only if coverage greater than 80% can be sustained on a long-term basis (35) . Inadequately implemented childhood vaccination can lead to an increase in susceptibility in women of childbearing age, with the potential of increased numbers of cases of CRS. Consequently, it is essential that childhood rubella vaccination programs achieve and maintain high levels of coverage.
Altogether, 21 countries not yet using rubella vaccine have sustained measles vaccine coverage for 5 or more years at 80% or higher ( Increasing use by private health care providers of MMR vaccine for children in countries where rubella vaccine has not been introduced nationally by the public health care system is a concern. A recent mathematical modeling study indicates that in the short term and the long term, private-provider MMR vaccination of children alone is likely to lead to an increased incidence of CRS (54) . Thus countries that do not have a national rubella vaccination program operated by the public health care system but where MMR vaccine is being used by private providers need to monitor the situation through coverage surveys and/or serosurveys to assess rubella susceptibility among women of childbearing age (35) . Countries in this situation may need to consider introducing rubella vaccine for women of childbearing age.
For countries already using rubella vaccine, surveillance of rubella and CRS should be strengthened. The data in this article indicate that surveillance for rubella is improving gradually, while CRS surveillance remains generally weak. Countries using rubella vaccine also need to monitor coverage of all target groups annually. It is also important to monitor the history of rubella vaccine use to know which cohorts of children and adults were vaccinated each year and how this is reflected in the national susceptibility profile for rubella, especially among women of childbearing age.
The global burden of CRS remains high, with more than 100 000 infants affected each year. By the end of 2002, 124 countries/territories had introduced rubella vaccine on a national basis. A safe and effective rubella vaccine is available, and there are proven strategies for its delivery. The introduction of rubella vaccine is cost-effective and cost-beneficial, but it requires ongoing strengthening of routine immunization services and surveillance systems.
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